v" The authors reviewed 102 documented cases of benign extramedullary tumors of the foramen magnum treated at their institution between 1924 and 1982. There was 78 meningiomas, 23 neurofibromas, and one teratoma. Approximately 40% of the patients had a normal neurological examination upon first evaluation. The most frequent presenting complaints were suboccipital neck pain, dysesthesias, gait disturbances, weakness, and hand clumsiness. The average time from initial symptoms to diagnosis was 24 ~ years. The most common findings included hyperreflexia, arm or hand weakness, Babinski sign, spastic gait, sensory loss, and 1 lth cranial nerve involvement. Based on these cases, an attempt is made to distinguish foramen magnum tumors from other disease entities by a grouping of signs and symptoms. There is no clinical finding that is pathognomonic. Metrizamide computerized tomography scanning and Pantopaque myelography have been the radiographic tests most commonly used to evaluate the foramen magnum. Recent experience suggests that nuclear magnetic resonance scanning will be a very useful noninvasive means of evaluating the foramen magnum region.
T
HE first systematic evaluation of foramen magnum tumors was by Elsberg in 1925,1~ followed by two others reports in 1929.12'~3 Since then, subsequent works 1"2' 5' 7' 15 ' 16' 18' 2~176 have elaborated on these landmark papers emphasizing the bizarre presentation of these tumors and the difficulties in diagnosis. In 1938, Cushing and Eisenhardt 9 divided these foramen magnum tumors into two anatomical classes: craniospinal and spinocranial lesions. In 1954, Love, et al., 2~ presented the first extensive review of both benign and malignant tumors of the foramen magnum. Their paper was followed in 1956 by a report by Dodge, et al.,~~ on 30 cases of benign extramedullary lesions. Later, Stein, et al., 34 presented 25 cases emphasizing both the radiographic diagnosis and the etiology of intrinsic hand muscle atrophy. Yasuoka, et al., 37 have reviewed 57 cases of benign tumors of the foramen magnum, with special attention toward both the clinical and electromyographic findings.
In spite of these and other excellent contributions, tumors of the foramen magnum have continued to escape early diagnosis. Often these tumors present with ill-defined symptoms, such as neck pain and varying dysesthesias. Neurological examination sometimes fails to demonstrate signs that are easily referable to pathology at the foramen magnum. Consideration of other clinical entities, such as cervical spondylosis, multiple sclerosis, and carpal tunnel syndrome, sometimes delays the correct diagnosis. Finally, incomplete myelograms or computerized tomography (CT) scans often add to the delay.
The purpose of this paper is to review our experience with foramen magnum tumors to provide additional information regarding clinical presentation, findings, diagnosis, and prognosis.
Summary of Cases
Between 1924 and 1982, 102 cases of benign tumors of the foramen magnum were treated surgically at the Mayo Clinic. Excluded from the analysis were tumors not surgically confirmed, tumors that were either primarily in the posterior fossa descending caudally, or spinal tumors originating from C-3 or below extending rostrally. Also, tumors of the jugular foramen, hypoglossal canal, and clivus were omitted. Information was obtained through the surgical registry, chart review, and follow-up telephone calls when indicated.
The pathology was as follows: 78 meningiomas, 23 neurofibromas, and one teratoma. There were 11 patients with von Recklinghausen's disease, and six pa- tients had multiple tumors of the central nervous system. All the neurofibromas were spinocranial, with four originating from C-1 and 19 from C-2. Approximately 40% of the meningiomas were craniospinal, and the remainder were spinocranial. Sixty-one tumors (60%) were located anterior to the cord, 20 (20%) were located laterally, and the remainder were found posterior to the cord. The patients were aged between 12 and 81 years, the median age being 49 years. The male to female ratio was 1:2. Most importantly, the time from appearance of initial symptoms to diagnosis and treatment ranged from 5 months to 61 years, the average being 2~ years.
Clinical Findings
The presenting symptoms in this series of patients are shown in Table 1 . The most frequent complaint was suboccipital neck pain, often in the C-2 nerve root distribution. The pain was commonly present upon awaking, was relieved with mild analgesics, and was exacerbated by either extension or lateral flexion of the neck. The neck pain had frequently been treated previously with other modalities including surgical intervention, chiropractic manipulation, and psychological counseling. Neck pain was typically present for many months prior to the evolution of other symptoms.
The next most common symptom was dysesthesia, occurring predominantly in the hand followed by the arm, leg, and face. Dysesthesias frequently preceded the development of other symptoms by 6 months to 1 89 years. Cold dysesthesias occurred in about 7% of cases, which is a lower incidence than reported previously. 4 Three patients presented with leg dysesthesias only. They were suspected of having lumbar spine disease before the correct diagnosis was made.
Gait disturbance was a symptom in 49% of the cases, followed by arm or hand weakness in 40.2%, and leg weakness in 29.4%. Hand clumsiness or astereognosis was described in 26.5% of the patients, often noticed first by decreased writing ability or difficulty with buttoning clothes. Astereognosis often occurred without any other associated symptoms. 8 ' 32 Bladder dysfunction was present in 21.6% of cases. When found in combination with gait disturbances, it suggested normal-pressure hydrocephalus. One patient, before seeking a second opinion, had undergone shunt placement 1 year earlier.
Dysphagia occurred in 12.8% of cases, followed by headache, respiratory dysfunction, dizziness, and dysarthria. The dizziness could not be specifically attributed to vertebrobasilar insufficiency resulting from pressure exerted by the tumor mass. The respiratory difficulties included both vocal cord paralysis and diaphragmatic paralysis. In several patients there may have been compression of the medulla with resulting respiratory depression.
Neurological Findings
All patients were seen and evaluated by a staff neurologist prior to surgery: Table 2 lists the neurological findings. Twenty patients (19.6%) had a normal neurological examination at the time of surgery. Forty-one patients (40%) had an initial examination that was normal, but periodic follow-up evaluations demonstrated findings that prompted radiographic evaluation. As in previous reviews, 2~ electromyography was considered helpful by the attending neurologist in 40% of the cases.
Hyperreflexia was the most frequent sign, occurring in 72 patients (70.6%). This was followed by weakness of the extremities in 67.6% of cases. The distribution of weakness can be seen in Table 2 . Yasuoka, et al., 37 suggested a clinical pattern of weakness in which the deficit begins first with paresis of an upper extremity. However, in our review, two patients had initial paresis of only one leg. In either situation, the weakness can progress to a hemiparesis or paresis of both upper extremities, followed by a triparesis and then quadriparesis.
A Babinski sign was demonstrable in 59 patients (57.8%), and spastic gait was noted in 47 patients (46.6%). Of the various sensory findings, the modality affected most frequently was pain and temperature sense (37.3%), followed by joint sense (26.5%) and touch (21.6%). Interestingly, dissociated sensory loss, which is often associated with intramedullary processes like syringomyelia, occurred in 24.5 % of these patients. As noted in previous studies,C-2 hypalgesia occurred in 17.6% of cases and is therefore a suspicious sign when found. Cape sensory loss was found in 6.8% of the cases and may indirectly lead to the diagnosis of an intramedullary tumor.
Incoordination of the hands was noted in 38 patients (37.3%), followed by a Brown-S6quard syndrome in 30 patients (29.4%). Nystagmus was found in 25 (24.5%) of the patients, an incidence significantly higher than described previously. 34'37 The nystagmus was horizontal in 22 of the patients, down-beating in two, and upbeating in one.
Atrophy of the intrinsic hand muscles occurred in 13 patients (12.8%). This is a somewhat lower figure than reported previously. 34'37 The exact mechanism remains controversial; z~ however, anterior spinal artery compression,13 hydromyelia secondary to cerebrospinal fluid (CSF) obstruction, 37 venous obstruction with cord edema, 14'36 and cord rotation with contralateral traction 17 have been considered as possible etiologies.
Cranial nerve involvement included fifth cranial nerve deficits secondary to compression of the descending sensory tract in the brain stem in 5.9% of cases, and 1 l th cranial nerve compromise in an impressive 27.8%. Eleventh cranial nerve involvement is highly suggestive of a foramen m a g n u m tumor, especially if 10th cranial nerve function is normal, thereby eliminating the possibility of jugular foramen lesions.
The seven patients (6.8%) who had Grade I papil- 
Radiographic Evaluation
In this review as in others, 3'z3-25'34 Pantopaque myelography in the prone and supine positions was the diagnostic radiographic procedure performed most frequently. When done correctly, it was diagnostic 95% of the time (Fig. 1) . In many cases, myelograms obtained elsewhere were inadequate and had been incorrectly interpreted as negative because of failure to examine the foramen m a g n u m both in the prone and supine positions. More recently in this series, metrizamide myelography combined with CT scanning 19 has been even more informative (Fig. 2 left) , and in our practice is supplanting the more arduous procedure of prone and supine myelography.
Computerized tomography scanning with intravenous injection of contrast material, performed with low cuts of the posterior fossa (Fig. 2 right) , was diagnostic in 75% of the cases, suggestive in 20%, and falsely negative in 5 %. Therefore, we believe that this procedure is less informative than metrizamide myelography followed by CT scanning.
Although nuclear magnetic resonance (NMR) scanning has not been fully evaluated, it may well become the definitive test in the future. With NMR, visualization of the upper cervical spinal canal and posterior fossa is superior to that obtainable with current CT scanners (Figs. 3 and 4) , and lumbar puncture is not required.
When a CSF evaluation was performed concurrently with myelography, the protein level was elevated in 50% of cases and the opening pressure was elevated in 30%. The Queckenstedt test was positive in 8% of the cases in which it was carried out.
Cervical spine films may be helpful in diagnosis. In 10 of our patients, x-ray films revealed enlargement of an intervertebral foramen attributable to a neurofibroma. However, about 50% of the patients were found to have degenerative changes compatible with cervical spondylosis, and therefore cervical spine films may be misleading. Skull films were helpful in the evaluation of possible disease entities involving the bones at the craniovertebral junction, which could mimic a foramen magnum tumor.
Angiography was rarely done. It should be noted that there are reports of vertebral aneurysms being misdiagnosed as foramen magnum tumors. 6 '27 Sometimes these patients present with a history of a subarachnoid hemorrhage, but rarely do they present with symptoms related to mass effect.
Differential Diagnosis
The differential diagnosis considered most often at initial evaluation included cervical spondylosis (in 25% of the cases), multiple sclerosis (18%), syringomyelia ( 17 %), intramedullary tumor ( 15 %), Arnold-Chiari malformation (5.5%), and carpal tunnel syndrome (5.5%). In arriving at the diagnosis, it is important to distinguish factors that favor a foramen magnum tumor as opposed to the other processes. Although the definitive diagnosis rests in radiographic confirmation of what is suspected clinically, some helpful differential features were noted in this series.
Cervical spondylosis was often considered because of arm dysesthesias, degenerative changes on cervical spine films, gait disturbances, weakness of the arms and hands, and bladder disturbances. However, pain in the C-2 distribution, Brown-Srquard symptoms, and lower cranial nerve findings suggest foramen magnum pathology.
Multiple sclerosis was sometimes suggested because of the chronicity, varying degree of weakness, sensory changes, bladder disturbances, gait difficulties, and response to steroids. However, foramen magnum tumors in this series were continually progressive and not fluctuating as suggested by others.l'7 In addition, suboccipital pain, the lack of ocular symptoms, 1 lth cranial nerve deficit, and Brown-Srquard findings are helpful distinguishing features. Syringomyelia was sometimes considered in those patients with atrophy of the intrinsic hand muscles, dissociated sensory loss, and longtract signs. However, hyperreflexia in the arms, suboccipital neck pain, and 1 lth cranial nerve involvement would be most unusual with syringomyelia.
Although intramedullary tumors usually do not produce pain in the C-2 distribution, sensory changes, weakness, and long-tract signs are common features of both intramedullary and foramen magnum tumors, and correct diagnosis depends on radiographic evaluation. Carpal tunnel syndrome was sometimes considered because of hand dysesthesias and weakness, but the de-F. B. Meyer, M. J. Ebersold and D. F. Reese velopment of other neurological symptoms and signs, as well as the results of electromyography, were helpful in establishing the correct diagnosis.
Arnold-Chiari malformations were occasionally considered because of the suboccipital neck pain, nystagmus, lower cranial nerve involvement, dysesthesias, and long-tract signs. The diagnosis rests primarily in radiographic examination. Normal-pressure hydrocephalus was sometimes suggested because of the gait and bladder disturbances. However, suboccipital neck pain, sensory changes, Brown-Srquard signs, and cranial nerve involvement are helpful in directing one toward the correct diagnosis.
Amyotrophic lateral sclerosis was occasionally considered because of weakness, bladder difficulties, and variable hyperreflexia. The presence of a Brown-Srquard syndrome, sensory changes, and suboccipital neck pain should exclude this diagnosis.
Although subacute combined degeneration can also produce hyperreflexia, weakness, and spasticity, the associated cranial nerve involvement, neck pain, and Brown-Srquard syndrome would strongly suggest the diagnosis of a foramen magnum tumor. Atlantoaxial pathology, basilar impression, and platybasia are sometimes thought to be the cause of hyperreflexia, weakness, spastic gait, nystagmus, and lower cranial nerve involvement. However, again the findings of suboccipital neck pain, dysesthesias, Brown-Srquard syndrome, and unilateral 1 lth cranial nerve palsies suggest the need for detailed radiographic evaluation.
Cervical disc disease can usually be distinguished from foramen magnum tumors by the lack of pain in the C-2 distribution, lower cranial nerve involvement, nystagmus, and by the radicular pain pattern of a ruptured disc. The presence of occipital neuralgia, when associated with other neurological signs or symptoms, mandates proper radiographic evaluation. Also, vertebral aneurysms, odontoid separation, and hysteria may produce findings similar to foramen magnum tumors.
Prognosis
The follow-up period in this series ranged from 1 to 40 years. The operative mortality rate was 5.0%. All deaths occurred in patients with large tumors anterior to the spinal cord, except in one case in which the patient died from a perforated duodenal ulcer. Although there are reports of tumor removal by an anterior transoral approach, 29 the surgical approach to all these tumors was from a posterior approach with the patient in a sitting position. Suboccipital craniectomy was then carried out, with removal of the lamina of C-1 and C-2. In 30% of the cases the roots of C-1 and C-2 were sacrificed to afford better exposure.
Approximately 5.0% of the surviving patients were known to have died within 3 years of surgery from tumor recurrence. Review of the operative reports indicates that, in all these cases, the surgeon believed that he had accomplished only a subtotal removal of the tumor.
Functional recovery was largely comparable to the preoperative neurological status, although there were cases of marked recovery. Approximately 75% of the patients were able to maintain full productive lives, 12% were mildly impaired, and 13% had marked impairment. The best prognosis was in those patients in whom the tumor was diagnosed early, leading to total surgical removal.
Discussion
Early diagnosis and treatment in cases of foramen magnum tumors is associated with a good prognosis. Unfortunately, there is no symptom or finding that is pathognomonic in the diagnosis of foramen magnum tumors. Common presenting symptoms, such as neck pain, dysesthesias, gait disturbances, weakness, and difficulty with the use of the hands, should alert the physician to consider the diagnosis of a foramen magnum tumor. Findings of hyperreflexia, extremity weakness, Babinski sign, spastic gait, sensory loss, 1 lth cranial nerve compromise, C-2 hypalgesia, stiff neck, or a Brown-Srquard syndrome can further suggest the need for radiographic evaluation of the foramen magnum.
Skull films, cervical spine films, and enhanced and nonenhanced CT scans can be helpful in the detection of many pathological conditions in the region of the foramen magnum, but we have not found these measures alone to be adequate in the diagnosis of foramen magnum tumors. Although most of the diagnoses in this review were established with Pantopaque myelography, more recently we have preferred metrizamide myelography with CT scan cuts through the foramen magnum region. Early experience indicates that NMR scanning will become the method of choice for examining the foramen magnum, as the anatomical display and ease of examination make it superior to current imaging modalities.
